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Introduction
Structural integrity assessment methods play an important role in the industrial realization of fracture mechanics applications. Overview on some methods for analytical defect assessment and their industrial realisations within guidelines and standards have been mentioned [1] .
Recently there have been increasing interests in failure assessment diagram (FAD) of a cracked component subject to biaxial loading. The effect of biaxiality on the FAD has been investigated in [2] [3] [4] . Several failure assessment approaches considered in [2] are compared in biaxial stress states. Some theoretical estimations of the failure assessment diagram give conflicting data. Furthermore, some predictions based on the classic failure assessment diagram are in conflict with the experimental results.
In this paper, the failure assessment diagram is based on the local failure criterion of the average stress ahead in the cohesive zone and developed for a biaxially loaded plate with a crack or notch. Calculations were performed under the stress biaxial ratio ; 0 = k 5 . 0 and 1 to analyze the effect of biaxial ratios on the cohesive stress and failure assessment curve.
Local Failure Criterion of the Average Stress in the Cohesive Zone
Failure Criterion. An infinite plate with a crack/notch length a 2 is assumed to be subject to remote biaxial stress (1) and allows to describe a critical state of a plate with a crack/notch. Within the cohesive zone based on a simple Dugdale-Barenblatt cohesive model, the crack surfaces are loaded by the cohesive stress coh σ .
In the present paper, the local stress ( ) r y σ on the crack extension line has been described by the exact elastic Westergaard's solution [6] taking into account the stress parallel to the crack plane. Cohesive Stress. The cohesive stress coh σ ahead of the crack tip is assumed to be principal normal stress 1 σ and treated as the stress which is independent on the displacement between the zone faces and determined by von Mises yielding criterion within the cohesive zone. The principal stress 2 σ parallel to the crack plane can be given by equation
taking into account the stress parallel to the crack plane. The stress 3 σ is equal to ( ) 2 σ σ ν + 1 and 0 for plane strain and plane stress, respectively. In this case, von Mises yield condition leads to the following equations
for the case of plane strain and ( )
for the case of plane stress. Thus, the cohesive stress ahead of the crack tip is treated according to von Mises yield criterion as a property of the material and the applied stressσ as well as the stress biaxial ratio k . For plane strain, the effect of biaxiality is significant in the cohesive stress for the biaxial ratio 5 . 0 = k and 1 at the applied stress 3 . 1 / > Y σ σ and becomes negligible for the applied stress Y σ σ / ranging approximately from 0 to 0.5 independently on the biaxial ratio ( Fig. 1 ). In the case of the biaxial ratio 1 = k , the cohesive stress is constant and equal to ( )
for plane strain. It could be also noted that the cohesive stress is only weakly dependent on the biaxial ratio for plane stress and equals to unity in the case of 1 = k . 
and must be the same for the case of biaxial loading, since the biaxiality (the biaxial ratio k ) does not affect the stress ( ) x y σ and the local failure criterion, Eq. 1. Thus, the failure criterion, Eq. 4, may describe a failure assessment curve, for the case of biaxial loading. Only the cohesive stress in the failure criterion, Eq. 4 must be modified by means of Eq. 2 and Eq. 3.
It can be also seen that the failure assessment curve shows no significant differentiation among the three loading cases for plane stress, whereas the biaxial assessment curves ( 0 > k ) move outward from the uniaxial case ( 0 = k ) for plane strain (Fig. 2) . The main reason of such dependence of the failure assessment diagram on biaxiality is that the tendency of the failure assessment curves for different loading conditions is governed by the cohesive stress (see Fig. 1 ). Obtained result is qualitatively consistent with the experimental results published in [10]. A Plate with a Notch. The local failure criterion of average stress in the cohesive zone ahead of the crack tip have been spread for a solid with a finite notch to describe failure assessment diagrams [7] [8] [9] . In this case, the failure assessment diagram can be described by the following equation 
where C K 1 is the fracture toughness, t K is the elastic stress concentration factor. The stress intensity factor at the notch tip is denoted as notch 1 K . The cohesive stresses in Eq. (5) are given by Eq. (2), Eq.
(3).
The failure assessment curve becomes progressively raised above the curve for a crack as the notch elastic stress concentration factor t K decreases (Fig. 3 ). In the case of plane strain biaxial failure Key Engineering Materials Vols. 345-346 assessment curves move outward from the uniaxial case in conformity with quantitative and qualitative changes of the cohesive stress. 0,0 0,5 1,0 1,5 2,0 2,5 3,0 0 Fig. 3 . Failure curves for a plate with a notch under biaxial loading in the case of plane strain.
Summary
The results clearly demonstrate that the failure assessment diagrams are in general dependent on type of loading and the elastic stress concentration factor. Investigation on the effect of biaxiality on the cohesive stress and the failure assessment diagram suggests that for the case of plane stress the effect of biaxiality on all quantities can be neglected for positive biaxial loading. In this case, the failure assessment diagram for a biaxially loaded plate with a crack could be estimated, assuming that such plate is subjected to uniaxial load. The stress biaxial ratio does not change the character of the failure assessment curves for a plate with a notch. But biaxial failure assessment curves move outward from the uniaxial case in conformity with quantitative and qualitative changes of the cohesive stress.
